samples coming from the apple and citrus orchard areas. Furthermore, the results of the present 48 study show that the presence of the residue in organic honey may also be affected by the 49 geographical area (e.g. the presence of an agricultural system) confirming honey bee and beehive 50 matrices as appropriate sentinels for monitoring contamination in the environment. The 51 optimised method proved to be simple and rapid, requiring small sample sizes and minimising 52 solvent consumption, due to the ASE having an "in line" clean-up step. 53 54
Introduction 56
Honey is a natural food product, made of nectar, secretions of livings parts of plants or 57 excretions of insects sucking on the living parts of plants, which Apis millifera bees collect, 58 transform by combining with specific substances and deposit in honeycombs (Giorgi et al., 2011; 59 Wilczynska et al., 2007; Panseri et al., 2014) . Honeybees (Apis mellifera L.) perform the vital 60 task of pollinating agricultural crops and native species and are important for the commercial 61 products of honey and beeswax. Honey composition mainly depends on the floral origin of 62 nectar, climate conditions, bee physiology, honey harvesting and post-collection processing 63 (Panseri et al., 2013) . Today, consumer interest regarding honey and its derived products is 64 oriented towards organic foods. Regarding this, the European Commission establishes that the 65 qualification of organic honey and other beekeeping products as being from organic production 66 is closely bound to the characteristics of hive treatments as well as the quality of the 67 environment. This qualification also depends on the conditions of extraction, processing and 68 storage of beekeeping products. The Council Regulation 1804/1999 EC is very restrictive with 69 regard to the production of organic honey in terms of the origin of bees, siting of the apiaries, 70 feed, disease prevention and veterinary treatments. In particular, it establishes that plants that can 71 be foraged by bees, either biological or spontaneous, must be at least 3 km from any source of 72 pollution and from any non-agricultural production sources, possibly leading to contamination, 73 such as industrial areas, urban centres or motorways. Also, the use of veterinary medicinal 74 products in beekeeping is regulated by the European Council (EC 1804 (EC /1999 USA). The oven temperature program was as follows: initial temperature of 80°C, held for 3 197 min, and increased to 170°C at 10°C min -1 ; then, increased from 170°C to 190°C at 3°C min -1 , 198 and raised to 240°C at 2°C min -1 , before being ramped to 280°C at 3°C min -1 and finally from 199 280°C to 310°C at 10°C min -1 and held at this temperature for 5 min. The carrier gas (helium, 200 purity higher than 99.999%) was in constant flow mode at 1.0 ml min -1 . A volume of 1 μL was 201 injected using a programmed temperature vaporiser injector (PTV) in splitless mode with a 1-202 min splitless period and the following inlet temperature programme: 80°C (0.05 min), 14.5°C s -1 203 to 200°C (1 min) and 4.5°C s -1 to 320°C (12 mincleaning phase). A baffle liner (2 mm × 2.75 204 mm × 120 mm, Siltek-deactivated; Thermo Fisher Scientific) was used. The transfer line was 205 maintained at 270°C and the ion source at 250°C. The electron energy and emission current were 206 set to 70 eV and 50 μA, respectively. The scan time was 0.3 s and the peak width of both 207 quadrupoles was 0.7 Da full widths at half maximum. Argon was used as a collision cell gas at a 208 pressure of 1.5 mTorr. The QqQ mass spectrometer was operated in selected reaction monitoring 209 mode (SRM) detecting two-three transitions per analyte, which are listed together with the 210 particular collision energies in Table 3 . Identification of POPs was carried out by comparing 211 sample peak relative retention times with those obtained for standards under the same conditions 212 and the MS/MS fragmentation spectra obtained for each compound. 213
The Xcalibur TM processing and instrument control software program and Trace Finder 3.0 for 214 data analysis and reporting (Thermo Fisher Scientific) were used. 215
Validation parameters and quality control 217
The method was evaluated for its repeatability, linearity, recovery, limit of detection and 218 quantification. The limits of detection (LOD) and quantification (LOQ) were calculated from the 219 calibration curve in the concentration range corresponding to the lower concentration levels 220 according to MRL for each pesticide when available. LOD was calculated using the equation Kruskal-Wallis ANOVA test was used to evaluate the differences of contaminants in samples 230 among the investigated regions. The level of significance was set as p ≤ 0.05 throughout this 231 study. Data were analysed using SPSS 15.0 software (SPSS, Inc., Illinois, USA). In addition, it 232 must be pointed out that, for the calculations, ½ LOD was used for those compounds whose 233 concentration was below LOD. 234 235
Result and discussion 236

Method development and validation 237
The ASE procedure with clean-up in a single step with an "in line" was necessary for the 239 removal of interfering substances from honey samples. For this purpose, Florisil was used since 240 it proved to be very efficient for the clean-up of different foods ( energies selected for each compound in EI mode are given in Table S1 . 254
The method showed good linearity with determination coefficients equal to or higher than 0.99 255 for all of the compounds investigated; there was also good repeatability, demonstrating that it is 256 useful for monitoring compounds belonging to different chemical classes ( Table 2 ). The 257 recoveries ranged from 97 to 102% for PCBs and PBDEs, from 75 to 95% for OCs and from 75 258 to 97% for OPs. The CVs were all in the range from 4 to 14%. The one-step ASE method using 259
Florisil as an interference retainer is both rapid and cost-effective and minimises waste 260 generation compared to the classic methods. The time required in the laboratory is reduced to 261 half by combining the extraction and the two clean-up steps (i.e., GPC and SPE) in one single 262 ASE step (Panseri et al., 2014) . 
Application to honey samples 271
In the present study, the developed method was applied for the analysis of 59 honey samples 272 produced in different Italian geographic areas in order to screen and tentatively relate the 273 presence of pesticide residues to their potential contamination source, also confirming organic 274 honey as a suitable indicator of environmental pollution as well as an indicator of the presence of 275 pesticides utilised in crop protection management. This topic is crucial, especially for organic 276 productions in which the use of allopathic chemically synthesised medicinal products for 277 preventive bee treatments is prohibited and specific guidelines are given in order to minimise the 278 impact of environmental pollution on bee products like honey (e.g. siting of the apiaries). 279
Overall, the results of detection frequency, concentration levels and distribution of pesticide 280 residues found in organic honey samples according to their sampling area are presented in Table  281 3 and Fig 1. This research represents the first investigation on the presence of different classes of 282 pesticides and POPs in organic honey. As a consequence, it is difficult to compare our results 283 with those obtained from other monitoring programs, because only a few are published, and the 284 range of pesticides considered is different. 285
The six PCBs examined were detected in all samples, with similar concentrations for each 286 molecule in the three different regions ranging from 0.27 to 0.92 ng g -1 . These data show that 287 there are no significant differences in concentrations among the three areas; therefore, the PCB 288 contamination of honey is not influenced by the sample origin. Our results reflect the fact that 289 these regions were characterised by the presence of several harmful industries in the past. PBDEs; according to our data, PBDE 28 and 154 were not detected in their samples, while 299 PBDE 33, 99, 100 and 153 were detected at concentrations in the order of pg g -1 . This 300 incongruity is probably due to the fact that our samples are made of organic honey, so the 301 environment and conditions of production have probably significantly reduced the presence of 302 this class of pollutants. 303
Several OC pesticides were present; all honey samples from Calabria showed the presence of 304 Eldrin, with a concentration ranging from 1.95 to 18.9 ng g -1 . In one sample, the concentration 305 value was higher than the MRL, while in the other two, the values were close to the MRL. Endrin were detected again, with a frequency of 5% and 44% and a maximum concentration of 316 1.174 ng g -1 and 13.343 ng g -1 , respectively. In addition, Dieldrin, an Aldrin metabolite produced 317 by insects, was found. The prevalence of this compound was 5% and the maximum 318 concentration was 0.94 ng g -1 ; with the same frequency, Heptachlor was detected at a 319 concentration levels up to 0.15 ng g -1 . pp DDT and its metabolite pp DDE were also present, 320 both with a prevalence of 17%, but with a maximum concentration of 0.09 ng g -1 for DDT and 321 1.47 ng g -1 for DDE. Endosulphan sulphate was found, with a frequency of 22% and a maximum 322 concentration of 5.43 ng g -1 . Although many OC pesticides are prohibited, the presence of their 323 residues further underlines the persistent nature of these compounds; it also shows that they can 324 enter the food chain not only via fatty products, but also via non-fatty products such as honey. 325
The concentrations of OC pesticides of all samples from Trentino Alto Adige are lower than the 326
MRLs. 327
The situation is analogous for the honey samples from Lombardia, in which all of the 328 concentration values were lower than MRLs. Here, pp DDT and its metabolites pp DDD and pp 329 33% respectively. These results are due to the metabolic degradation of DDT after microbial 331 catabolism, even if the mechanisms have not yet been clarified (Panseri et al, 2014) . Heptachlor 332 was detected with a frequency of 11% and a maximum concentration of 1.19 ng g -1 ; Dieldrin was 333 also found, with a prevalence of 41% and a maximum concentration of 2.93 ng g -1 . 334
Some OP pesticides were also investigated. They are insecticides that are typically used for crop 335 protection in the geographical area characterised by intensive apple orchards (Panseri et al, 336 2014) . Many of them have been found in honey samples, especially those from Trentino Alto 337 Adige, where 12 different pesticides were detected. In particular, Quinoxifen, usually employed 338 in the control of oidium infections, was detected with a prevalence of 100% and a concentration 339 ranging from 3.09 to 4.23 ng g -1 . Agricultural activities can be a source of contamination by a 340 variety of pesticides. The pesticide pollution in intensively cultivated areas represents a matter of 341 concern because these products accumulate in vegetation, water and soil and cause damage to 342 beneficial organisms such as honey bees (Apis mellifera L.) (Porrini et al., 2002; Wallner, 1999) . 343
Diazinon was always found in samples from Trentino Alto Adige at concentrations ranging from 344 1.13 ng g -1 to 1.15 ng g -1 , while in samples from Calabria this was detected with a prevalence of 345 64% and a maximum concentration of 1.14 ng g -1 . Mevinphos was found in honey from both 346 Trentino Alto Adige and Calabria, with a prevalence of 67% and 86%, respectively. The samples 347 from Lombardia showed the fewest number of OPs; the highest prevalence (37%) was for 348
Captan, a fungicide that is mainly used for diseases of apples during the growing season decades, was also frequently detected in apicultural matrices (Haarmann et al., 2002) . In 368 addition, many studies indicate that coumaphos was persistent in wax and diffused from wax to 369 honey in high proportions (Haarmann et al., 2002; Blasco et al., 2011) . 370 371
Conclusion 372
An analytical method was developed and successfully applied to evaluate pesticides and POP 373 residues in organic honey samples produced in three different Italian regions characterised by 374 different contamination sources. The method proved to be simple and rapid, requiring small 375 sample sizes, minimising solvent consumption, due to the ASE with an "in line" clean-up step. 376 MS/MS detection provides both quantitative information and the confirmation of POP residues 377 in honey confirming the one-step ASE method as a valid alternative to classical extraction 378 methods because the analytical quality is comparable. The determination of chemical residues in 379 the environment and foods is necessary to ensure that human exposure to contaminants, 380 especially by dietary intake, does not exceed tolerable levels for health. The presence of residues 381 of a number of pesticides in the honey samples and organic contaminant residues indicate that 382 bee colonies in the investigated regions are probably exposed to chronic impacts of pesticides. 383 Furthermore, the results of the present study showed that the presence of the residue in organic 384 honey may also be affected by the contaminant's geographical area (e.g. the presence of an 385 agricultural system) confirming honey bee and beehive matrices as appropriate sentinels for 386 monitoring contamination in the environment. In agricultural areas with developed apiculture, 387 useful information about the occurrence and distribution of pesticide residues due to crop 388 protection treatments can be obtained from the analysis of collected honey samples, which were 389 used as bioindicators. This approach is pivotal and could help beekeepers to select production 390 areas, in particular if dedicated for organic honey production. 
